The design and development of two-failure tolerant mechanisms for the Spaceborne Imaging Radar (SIR-B) antenna by Presas, S. J.
THE DESIGN AND DEVELOPMENT 3F TWO-FAILIJRE TOLERANT MECHANISMS FOR THE 
SPACEBORNE I M A G I N G  RADAh (SIR-6) ANTENNA 
S. J. P r e s a s *  
This p p e r  d e s c r i b e s  t h e  p e r f o r m a n c e  r e q u i r e ~ ~ e n t s ,  d e s i g n  c o n s t r a i n t s ,  and  
d e s i g n  q u a l i f i c a t i o n  s t a t u s  ot t h e  mechanisms n e c e s s a r y  t o  r e s t r a i n ,  d e p l o y ,  
a n d  stow t h e  SIR-B a n t e n n a  e x p e r i m e n t  o n  t h e  S h u t t l e  O r b i t e r .  
The SIR-B a n t e n n a  i s  a  f l a t  a r r a y  t h a t  mus t  mount  s t o w e d  i n t o  a s t a n d a r d  
E u r o p e a n  S p a c e  Agency  S h u t t l e  p a l l e t  w i t h i n  a s m a l l  e n v e l o p e  s o  t h a t  t h e  
p a l l e t  may be s h a r e d  w i t h  o t h e r  e x p e r i m e n t ( s ) .  F o r  t h i s  p u r p o s e ,  t h e  a n t e n n a  
a r r a y  w a s  d i v i d e d  i n t o  t h r e e  s e c t i o n s :  c e n t e r ,  a f t ,  a n d  f o r w a r d .  The c e n t e r  
s e c t i o n  r e m i n s  a t t a c h e d  t o  a  p a l l e t  mount ing t r u s s ,  t h e  f o r e  a n d  a f t  sec- 
t i o n s  r o t a t e  on h i n g e s  p e r p e n d i c u l a r  t o  t h e  S h u t t l e  c e n t e r l i n e  t o  n e s t  a t o p  
t h e  c e n t e r  s e c t i o n .  The f o r w a r d  is  t h e  i n n e r  l e a f  and  t h e  a f t  i s  t h e  o u t e r  
l e a f .  Upon command, t h e  m e c h a n i s m  m u s t  remove t h e  Launch a n d  Landing  Re- 
s t r a i n t  System (L/LRS), d e p l o y  t h e  a n t e n n a  l e a v e s  t o  a  f l a t  p o s i t i o n ,  a n d  
i n i t i a t e  a n t e n n a  t i l t  o n  a n  a x i s  p a r a l l e l  t o  t h e  c e n t e r l i n e  o f  t h e  S h u t t l e  
t o  any  c m m n d  p o s i t i o n  betwen 15" and  60° e l e v a t i o n .  A f t e r  e x p e r i m e n t  concl t i -  
s i o n ,  o r  a t  any  time d u r i n g  t h e  m i s s i o n ,  t h e  mechanism must  s t o w  t h e  a n t e n n a  
a n d  l a t c h  i t  r e a d y  f o r  r e - e n t r y .  ( S e e  F i g u r e  1 a n d  F i g u r e  2.)  
S a f e t y  C o n s i d e r a t i o n s  
B e c a u s e  t h e  a n t e n n a  p r o t r u d e s  beyond t h e  S h u t t l e  p a y l o a d  bay d o o r  e n v e l o p e  
a f t e r  i t  is  d e p l o y e d  a n d  t i l t e d  t o  t h e  maximum a n g l e  o f  t r a v e l ,  s a f e t y  re-  
q u i r e m e n t s  may b e  met o n l y  by j e t t i s o n i n g  t h e  a n t e n n a  a r r a y  o r  by u s i n g  
two f a i l u r e  t o l e r a n t  mechanisms t o  e n s u r e  s a f e  s t o w a g e  a n d  l a t c h i n g  i n t o  
l a n d i n g  c o n f i g u r a t i o n .  We have  s e l e c t e d  t h e  l a t t e r  a p p r o a c h .  S e e  F i g u r e  3. 
Loads 
-
The s towed a n t e n n a  is  exposea  t o  t h e  l a u n c h  a n a  l a n d i n g  l o a a s  e n c o u n t e r e d  i n  
t h e  S h u t t l e  c a r g o  bay. 
The d e p l o y e d  antenr la  a r r a y  urust d e p l o y  and r e m a i n  f l a t  w i t h i n  6.35 mm (0.25 
i n c h ) .  
- - - - - 
* B a l l  Aerospace ,  High Technology P r o d u c t s ,  b o u l d e r ,  C o l o r a d o  
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S c h e d u l e  
E x i s t i n g  mechanisms were to  b e  used  where p o s s i b l e  to  r e d u c e  a e s i g n  and de-  
ve lopment  time. 
Power 
-
28 Vdc power a v a i l a b l e .  
1 1 5  Vac 400-Hz power a v a i l a b l e  (manual  c o n t r o l l e d  c o n s o l e  o n l y ) .  
S i x t e e n  p y r o - i n i t i a t o r  c i r c u i t s  a v a i l a b l e  ( e i g h t  p y r o  d e v i c e s  p o s s i b l e ;  
manual  c o n s o l e  o n l y . )  R e s t r i c t e d  t o  NASA S t a n d a r d  I n i t i a t o r s  (NSI-1) o n l y .  
Environment  
T h e  a n t e n n a  mechanism must be  c a p a b l e  o f  o p e r a t i o n  i n  h a r d  vacuum a t  -34.4" 
t o  + 7 l  . l °C  (-30" t o  +160°F.) M u l t i l a y e r  i n s u l a t i o n  may b e  u s e d  a s  r e q u i r e d  
t a  m a i n t a i n  t h e  mechanism t e m p e r a t u r e  w i t h i n  t h o s e  l i m i t s .  
DESIGN SUMMARY 
The b a s i c  a n t e n n a  a r r a y  i s  made of e i g h t  s u b a r r a y s  o r  p a n e l s  a r r a n g e d  i n t o  
t h r e e  s e c t i o n s .  A l l  p a n e l s  a r e  s u p p o r t e d  by t u b u l a r  aluminum s t r u c t u r e .  The 
c e n t e r  s e c t i o n  is  backed by a  r i g i d  t r i a n g u l a r  t r u s s  a n d  t h e  a f t  a n d  f o r w a r d  
s e c t i o n s  a r e  s u p p o r t e d  by a f l a t  f r a m e .  The a n t e n n a  a r r a y  is  s t o w e d  i n t o  
a p p r o x i m a t e l y  o n e  t h i r d  o f  i t s  d e p l o y e d  l e n g t h  ( f r o m  1 0 . 7 4  t o  3 . 9 9  m )  ( 4 2 3  
t o  1 5 7  i n c h e s ) .  T h e  c e n t e r  s e c t i o n  r e m a i n s  s t a t i o n a r y ,  t h e  f o r w a r d  ( i n n e r )  
s e c t i o n  f o l d s  i n t o  i t ,  a n d  t h e  a f t  ( o u t e r )  s e c t i o n  f o l d s  o v e r  t h e  o t h e r  
two.  A l o c k i n g  l a t c h  b e t w e e n  t h e  c e n t e r  a n d  o u t e r  l e a v e s  i s  p r o v i d e d  t o  
o b t a i n  a  s o l i d  package .  See  F i g u r e s  1 a n d  2. 
To  mount  t h e  a n t e n n a  a r r a y  i n t o  t h e  S h u t t l e  accommodat ion p a l l e t ,  a r i g i d  
t u b u l a r  f rame ( p a l l e t  t r u s s )  i s  u s e d  t h a t  a l s o  s e r v e s  t o  s u p p o r t  t h e  t w o  
r e d u n d a n t  e l e c t r i c a l  c o n t r o l  boxes.  
The a n t e n n a  p o i n t i n g  r e q u i r e u ~ e n t  is a c c o m p l i s h e d  t h r o u g h  a  tilt h i n g e ,  l o c a -  
t e d  between t h e  p a l l e t  t r u s s  a n d  t h e  a n t e n n a  a r r a y ,  t h e  a x i s  o f  which is 
p a r a l l e l  t o  t h e  a n t e n n a  a r r a y  l o n g i t u a i n a l  a x i s .  The n i n g e  moves between 
s o l i d  s t o p s  and  i s  s t o w e d  s o l i d  t o  t h e  p a l l e t  t r u s s  and l o c k e d  by a  l a t c h  f o r  
l a u n c h  a n d  l a n d i n g .  See  F i g u r e  3. 
Tne a n t e n n a  p a n e l s  are b z d t e d  o n t o  t h e  t u b u l a r  s t r u c t u r e  by a s y s t e m  o f  f l a t  
f i t t l n g s  w i t h  h o l e s  t o  f i t  t h e  v a r i o u s  t u b e  a i a a ~ e t e r s .  The f i t t i n g s  h a v e  
e i t h e r  r o u n a  o r  e l l i p t i c a l  h o l e s  t o  accommodate p a n e l  d i f f e r e n t i a l  e x p a n s i o n  
r e l a t i v e  t o  t h e  s t r u c t u r e .  
From M i s s i o n  P r o f i l e  
a The a n t e n n a  must  b e  s towed  and  l a t c h e d  d u r i n g  S h u t t l e  l a u n c h .  
a The l a t c h e s  are r e t r a c t e d  a n a  h e l d .  
The a n t e n n a  a r r a y  t o  be d e p l o y e d  f l a t  w i t h i n  6.35 mm (0.25 i n ) .  
T h e  a n t e n n a  i s  p o i n t e d  ( t i l t e d )  t o  a  ( c o m m a n d e d )  a n g l e  and must 
h o l d  w i t h i n  0.5'. 
From S a f e t y  ( C o n s t r a i n t s )  
Double i a i l u r e  t o l e r a n t  n ~ e c h a n i s n ~ s  t o  s t o w  a n t e n n a  w i t h i n  S h u t t l e  
d o o r  e n v e l o p e .  
a Double  f a i l u r e  t o l e r a n t  mechanlsrns t o  l a t c h  f o r  l a n d i n g .  
a S i n g l e  f a i l u r e  t o l e r a n t  b e a r i n g s  t h r o u g h o u t  t n e  s y s t e m .  
From Ground T e s t l n g  
A c t u a t o r  t o r q u e  11.30 Nm (100 i n - l b )  minimum. 
S t r u c t u a l  r i g i d i t y  r e q u i r e d  a t  1 g f o r  g r o u n d  f u n c t i o n a l  t e s t s .  
MECHANISM DESCRIPTION 
D r i v e s  
The a f t  and f o r w a r d  f o l d i n g  h i n g e s  a r e  d r i v e n  by d c  r o t a r y  dual. d r i - r e  a c t u a -  
t o r s  (DDA) i n  b o t h  d e p l o y  a n d  s t o w  d i r e c t i o n s .  I n  t h e  e v e n t  o f  t o c a l  d c  
a c t u a t o r  f a i l u r e  ( d o u b l e  f a i l u r e ) ,  9r t w o  d c  p o w e r  f a i l u r e s ,  trc I?;'! :s 
a pyro p i n  p u l l e r ,  and a  p r c l o a d e d  v i s c o u s  dampened a c t u a t o r  (VDA) is  IL_. i;,- 
e d  by a n o t h e r  p i n  p u l l e r .  The VDA w i l l  r o t a t e  t o  c o n t a c t  a  l e a f  h i n g e  c r ~ s s  
p i n  and m e c h a n i c a l l y  p o w e r  t h e  l e a f  b a c k  t o  s t o w e d  p o s i t i o n .  T h i s  t h i r d  
r e d u n d a n t  o p t i o n  i s  m a n u a l l y  c o n t r o l l e d  f rom t h e  S h u t t l e  c a b i n  t h r o u g h  a 
s e p a r a t e  p y r o  f i r i n g  c o n s o l e .  See  F i g u r e s  4 and 5. 
The tilt h i n g e  is n l i i i i a r  t o  t h e  f o l a i n g  h i n g e s  e x c e p t  t h a t  t h e r e  is a nega-  
t o r  s p r i n g ,  c o n s t a n t l y  engaged  i n  t h e  s t o w  d i r e c t i o n ,  which p r o v i d e s  a back-  
l a s h  c a n c e l l i n g  p r e l o a d  t o  a c h i e v e  a c c u r a t e  a n t e n n a  p o i n t i n g .  T h e r e  i s  a l s o  
a  r o t a r y  p o t e n t i o m e t e r  f o r  t i l t  p o s i t i o n  f e e d b a c k .  See  F i g u r e  6. 
Launch/Landin,: R e s t r a i n t  Sys tem (L/LRS) 
The f o r e  and a f t  l e a v e s  a r e  f i r u J y  h e l a  t o  t h e  c e n t e r  l e a f  by s t o p s  r e a c t i n g  
a g a i n s t  t h e  h i n g e s ,  and  l a t c h e d  by a m e c h a n i c a l  c l a w  mounted a t  t h e  c e n t e r  
l e a f  s t r u c t u r e  which c a p t u r e s  a  r o l l e r  a t  t h e  f o r w a r d  l e a f ,  t h u s  t r a p p i n g  
b o t h  l e a v e s  a g a i n s t  t h e  c e n t e r  l e a f .  
The e n t i r e  a n t e n n a  a r r a y  is  a l s o  h e l d  t o  t h e  p a l l e t  t r u s s  by a  sirllilar mecha- 
n i c a l  claw and rol ler  c o m b i n a t i o n  
MECHANISM DETAILS 
a Dual D r i v e  A r t u a t o r  (DDA)--Originally d e v e l o p e d  by t h e  Je t  Propuls ion 
L a b o r a t o r y  (JPL) f o r  t h e i r  G a l i l e o  A n t e n n a  D e p l o y m e n t .  [ R e f :  1 6 t h  
. . 
A e r o s p a c e  M e c h a n i s m s  Sympos ium,  NASA C o n f e r e n c e  P u b l i c a t i o n  2221 ,  
May 13-14, 1984.1 The DDA b a s i c a l l y  c o n s i s t s  of two d c  m o t o r s  d r i v i n g  
i n d e p e n d e n t l y  t h r o u g h  r e d u n d a n t  d i f f e r e n t i a l  ha rmonic  d r i v e s .  
Because  of i n e r t i a l  l o a d i n g  of t h e  a n t e n n a  s t r u c t u r e ,  t h e  DDA o u t p u t  
rpm needed  t o  be r e d u c e d  1 0 : l  by m o d i f y i n g  t h e  h a r m o n i c  d r i v e  g e a r  
r a t i o  w h i c h  i n c r e a s e d  t h e  o u t p u t  t o r q u e .  An o u t p u t  t o r q u e  l i m i t i n g  
c l u t c h  h a s  been added  t o  t h e  DDA. 
0 V i s c o u s  Dampened A c t u a t o r  (VDA)--A r o t a r y  vane  w i t h i n  a  m a t c h i n g  
c y l i n d e r  f o r  a  186' minimum r o t a t i o n  is  dampened by 1 0 0 , 0 0 0  c e n t i -  
s t r o k e s  s i l i c o n e  f l u i d .  R o t a r y  p o w e r  i s -  p r o v i d d d  by two c o n s t a n t  
t o r q u e  ( n e g a t o r )  s p r i n g  p a c k s  o n  t w o  c y l i n d r i c a l  g u i d e s  a t  e a c h  
e n d  o f  t h e  n o t o r .  T h e r e  i s  a  t h e r m a l  c o m p e n s a t o r / r e s e r v o i r  d e v i c e  
B e l l e v i l l e  s p r i n g  l o a d e d  a n d  p o s i t i o n e d  a t  a p p r o x i m a t e l y  m i d s t r o k e  
d u r i n g  room t e m p e r a t u r e  f i l l i n g  of t h e  VDA chamber. 
A l l  t h r e e  VDA's a r e  p r e l o a d e d  b e f o r e  f l i g h t  and r e t a i n e d  by independ- 
e n t  p y r o t e c h n i c a l l y  i n i t i a t e d  p i n  p u l l e r s .  
A c r o s s  p i n ,  w h i c h  i s  l o c a t e d  a t  t h e  h i n g e  p i n  end  a n d  c l o s e s t  t o  
t h e  VDA, r o t a t e s  w i t h i n  a  s c r o l l  c h a m b e r  f o r m e d  by o n e  o f  t h e  VDA 
s p r i n g  g u i d e s .  As t h e  p y r o  p i n  i s  r e t r a c t e d  and t h e  VDA s p r i n g  g u i d e  
r o t a t e s ,  t h e  f l a t  a t  t h e  s c r o l l  e n d  c o n t a c t s  t h e  c r o s s  p i n  a n d  t r a n s -  
m i t s  t o r q u e  t o  t h e  h i n g e  p i n .  T h e ~ c  i s  n e v e r  c o n t a c t  be tween  t h e  
VDA a n d  t h e  a n t e n n a  d r i v e  mechanism u n c i l  t h e  p y r o  p i n  i s  p u l l e d .  
0 L a u n c h I L a n d i n g  R e s t r a i n t  Sys tem (L/LRS)--This c o n s i s t s  o f  a  r o l l e r  
and  a n  e l e c t r i c  motor  a c t u a t e d  c l a w  t h a t  e v g a g e s  t h e  r o l l e r .  The  
r o l l e r  i s  s u p p o r t e d  by a  p i c  t h r o u g h  a  b r a c k e t  b o l t e d  t o  e i t h e r  
t h e  a f t  l e a f  o r  a n t e n n a  t r u s s  f r a m e .  T h i s  c l a w  i s  p a r t  o f  a  l a t c h  
m e c h a n i s m  i n  a  h o u s i c g  b o l t e d  t o  e i t h e r  t h e  a n t e n n a  c e n t e r  t r u s s  
o r  t h e  p a l l e t  t r u s s  f rame.  
T h e  c l a w  p i v o t s  t h r o u g h  a n  a r c  of 42' pushed by a  c a r r i a g e  d r i v e n  
by a b a l l  s c r e w  n u t .  The b a l l  s c r e w  i s  r o t a t e d  by a n  a c t u a t o r  w i t h  
two m o t o r s  on t h e  same s h a f t .  S e e  F i g u r e  7. 
B e c a u s e  o f  t h e  two f a u l t  t o l e r a n t  r e q u i r e m e n t s ,  a s  a  backup t o  t h i s  
main c l a w  f o r  t h e  ( l a n d i n g )  s t o w  f u n c t i o n  o n l y ,  t h e r e  i s  a  s e c o n d a r y  
c l a w  d e p l o y e d  by a p y r o  p i n  p u l l e r .  A f t e r  dep loyment  t h e  s e c o n d a r y  
c l a w  is h e l d  i n  p l a c e  t v  a  r a t c h e t  a n d  pawl d e v i c e .  The  s e c o n d a r y  
r o l l e r  i s  l o c a t e d  by t h e  same p i n  and  b r a c k e t  a r r a n g e m e n t  u s e d  f o r  
t h e  p r i m a r y  c law.  See F i g u r e  8. 
Bearings--All c r i t i c a l  bear ings  a r e  s i n g l e  f a i l u r e  t o l e r a n t .  
- The main h i n g e  b e a r i n g s  a r e  aluminum c y l i n d e r s  wi th  a s o l i d  
l u b r i c a n t  a t  t h e  I . D .  and O.D.  The l u b r i c a n t  i s  a p o l y e s t e r  
r e s i n  i n t e r d i s p e r s e d  w i t h  p o l y t e t r a f l u r o t e t h y l e n e  (PTFE) i n  
f l o c k  o r  powder form. (F igure  9) .  
- The l a t c h  assembly b a l l  screw end bea r ings  a l s o  have p o l y e s t e r 1  
PTFE lube and run i n s i d e  bearium metal s l eeves .  
- The main hi.nse t h r u s t  bear ings  a r e  l a r g e  o u t e r  d iameter ,  alumi- 
num waslre ,fi l u b r i c a t e d  on both  s i d e s  wi th  polyester1PTFE lube.  
- The l a t c h  r o l l e r s  a r e  coacod, o u t e r  d iameter  and i n n e r  diameter, 
wi th  molybdenum d i s u l f i d e  s o l i d  f i l m  l u b r i c a n t .  
- The l a t c h  main c l a w  a c t u a t o r  h a s  leaded bronze dua l  r o t a t i n g  
s u r f a c e  s l e e v e  bear ings  a t  t h e  output  s h a f t .  
DEVELOPMENT PROBLEMS AND SOLUTIONS 
B a l l  Screw 
The l a t c h  a s s e m b l y  b a l l  screw mechanism was o r i g i n a l l y  designed t o  c o n t a i n  
Nomex F e l t  wipers bonded t o  t h e  i c e  sc raper .  The wiper method o f  r e t e n t i o n  
was found  u n s a t i s f a c t o r y  b e c a u s e  d u r i n g  e n g i n e e r i n g  v e r i f i c a t i o n  t e s t s ,  
a  wiper came of f  and was trapped i n  t h e  b a l l  nut .  The w i p e r  was e l i m i n a t e d  
'3 and t h e  b a l l  s c r e w s  were  l u b r i c a t e d  and assembled  minus t h e  wipers.  The 
l a t c h  assembly contamination b a r r i e r  surrounding t h e  mechanism was improved 
t o  minimize t h e  r i s k  of contaminants e n t e r i n g  t h e  a rea .  There were no d i f f i -  
c u l t i e s  with an open (no b a r r i e r )  l a t c h  assembly used dur ing  t h e  h inge assem- 
b ly  specimen v i b r a t i o n  and thermal vacuum t e s t s .  
Hinges 
I n i t i a l l y  a l l  a n t e n n a  t r u s s e s  were  t o  be assembled and r i v e t e d ,  then t h e  
h inge p ress  f i t ,  matched d r i l l e d ,  and he ld  wi th  b o l t s .  Because of t o l e r a n c e  
requirements ,  t h e  h inges  needed t o  be mated wi th  an assembly t o o l  (continuous 
b a r ) ,  t h e  t r u s s  co rner  f i t t i n g s  matched t o  t h e  h i n g e s  and t h e n  t h e  t r u s s  
work connected and r ive ted .  This method of assembly r e s u l t e d  i n  s a t i s f a c t o r y  
al ignment.  
T i g h t  f i t s  b e t w e e n  f i t t i n g s  and o u t e r  d i a m e t e r  t u b i n g  c a u s e d  s u r f a c e  
s c r a t c h e s  i n  some tubes.  This  problem disappeared when t h e  tubes  were l u b r i -  
c a t e d  w i t h  a f i l m  of BASD g r e a s e  37951M. A l l  excess  g rease  was wiped o f f  
a f t e r  assembly. 
Lubr ica t ion  
T h r u s t  Washers /Shims 
To c o m p e n s a t e  f o r  t h e r m a l  e x p a n s i o n / c o n t r a c t i o n ,  t h e  f o l d  l e a f  h i n g e s  on 
t h e  VDA s i d e  r e q u i r e  a g a p  of 0.61 +0.05 mm (0.024 +0.002 i n )  w h i c h  i s  c o n -  
t r o l l e d  w i t h  s o l i d  a l u m i n u m  s h i m s .  Dur ing  a s s e m b i y  w i t h  t h e  a n t e n n a  a r r a y  
i n  t h e  v e r t i c a l  p o s i t i o n  ( h i n g e  c e n t e r l i n e  p e r p e n d i c u l a r  t o  f l o o r ) ,  t h i s  
s t r u c t u r e  d e f l e c t e d  t o  t h e  p o i n t  t h a t  t h e  s h i m s  w e r e  i n  b e a r i n g  ( t n r u s t  
l o a d s )  a n d  some wear  a n d  m e t a l  s h a v i n g s  a p p e a r e d .  The  p r o b l e m  was  s o l v e d  
by m e a s u r i n g  t h e  g a p  t o  b e  c o m p e n s a t e d  a n d  m a c h i n i n g  cus tom s p a c e r s  ( t o  
o b t a i n  t h e  d e s i r e d  0.61 +0.05-mrn g a p )  f r o m  s p a r e  t h r u s t  w a s h e r s .  T h e r e  was  
n o  d i f f i c u l t y  i n  machin ing  p o l y e s t e r / P T F E  m a t e r i a l  t o  o b t a i n  a  l o a d  s h a r i n g  
t h r u s t  b e a r i n g  s y s t e m  f o r  1 g a s s e m b l y .  
GUALIFICATION STATUS 
The d u a l  d r i v e  a c t u a t o r s  h a v e  been a e s i g n e d ,  m a n u f a c t u r e d ,  a n a  t e s t e d .  Engi -  
n e e r i n g  v e r i f i c a t i o n  t e s t i n g  and q u a l i f i c a t i o n  i n c l u d e d  v i b r a t i o n  tests. A l l  
f l i g h t  h a r d w a r e  i s  now i n s t a l l e d .  
T h e  v i s c o u s  dampened a c t u a t o r s  have  been d e s i g n e d ,  m a n u f a c t u r e d ,  and  f i l l e d  
with  s i l i c ~ n e  i l u i d .  Accep tance  a n d  e n g i n e e r i n g  v e r i f i c a t i o n  tests a t  minimum 
and maximum t e m p e r a t u r e  i n  vacuum have  been comple ted .  
Per formance  simu1;tion tes ts  were c o n d u c t e a  w i t h  a t e s t  s p e c i m e n  o f  a  l a t c h e d  
c l l t  h i n g e  i n  t h e  v e r t i c a l  p o s i t i o n  i n  a  t h e r n i a l  vacuum chamber .  T h e s e  t es t s  
were f o l l o w e d  by random v i b r a t i o n  tests.  
CONCLUSIONS 
A d i f f e r e n t  a p p r o a c h  t o  two f a i l u r e  t o l e r a n t  m e c h a n i s n , ~  h a s  resul ted i n  a n  
e x p e r i m e n t  t h a t  d o e s  n o t  r e q u i r e  j e t t i s o n  c a p a b i l i t i e s  t o  c o m p l y  w i t h  t h e  
NASA s a f e t y  r e q u i r e m e n t s  a p p l i c a b l e  t o  " P a y l o a d s  u s i n g  t h e  Space  T r a n s p o r t a -  
t i o n  System." [Ref :  NASA HNB 1700.7A.l 
A l l  deve lopment  p rob lems  e n c m n t e r e a  s o  f a r  h a v e  oeen  c o r r e c t e d .  The h i n g e  
a s s e m b l y  spec imen  t e c t s  v e r i f i e a  t h e  b e a r i n g s  and l a t c h  a s s e m b l y  p e r f o r m a n c e  
a t  e x t r e m e  t e m p e r a t u r e  i n  vacuum and  a t  random v i b r a t i o n .  
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Figure 3 .  SIR-B Launch/Landing Configuration 
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Figure 9. Typical Thrust/Radial Load Carrying Hinge 
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Figure 10. Typical Viscous Dampened Actuator Installation 







